INTRODUCTION
Assessments based on patients' opinion-patientreported outcome measures (PROMs)-have received increasing recognition as being critically important end points in both clinical trials and long-term observational studies in rheumatic diseases during the last decade. [1] [2] [3] [4] PROMs are elicited directly from the patient and assess how the patient feels or functions with respect to their health condition. These measures reflect the patient burden of disease. [5] [6] Psoriatic arthritis (PsA) is a heterogeneous disease with high impact on patients' lives. 7 8 However, studies on patient-reported outcomes in PsA have been limited. [9] [10] [11] [12] PROMs used in PsA clinical trials are mostly generic or adapted from rheumatoid arthritis (RA), and few disease-specific PROMs for PsA are currently available. 13 14 The core set of domains of health proposed by physician experts to be included in randomised clinical trials and observational studies of PsA includes the following PROMs: pain, patient global assessment, physical function and health-related quality of life. 15 Fatigue is considered here as a research item. 15 8 16 And, indeed, a literature review 17 of recently published articles indicated that the only patient-reported outcomes frequently reported were those in the core set, in particular physical function (in 48% of publications, usually using the Health Assessment Questionnaire (HAQ) 18 ), but also pain (47%) and patient global assessment (40%). Fatigue was rarely reported (15%), and psychological aspects were not reported at all. 17 However, other dimensions of health may be important from the patients' perspective. 19 20 3-4 PROMs for PsA were an item on the research agenda resulting from the recent development of the European League Against Rheumatism (EULAR) recommendations for the management of PsA. 21 Subsequently, EULAR agreed to support the development of a new questionnaire and score to better assess patient-reported outcomes in this disease, in line with the previous development of a similarly focused tool for patients with RA. 22 23 The objectives of this study were to elaborate and validate a disease impact questionnaire for PsA based on patients' experience of the impact of the disease on domains or dimensions of health.
MATERIALS AND METHODS
Elaboration and validation of the PsA Impact of Disease (PsAID) questionnaire were performed in 2011-2012 in three steps (as summarised in online supplementary figure S1), adapting the methodology developed for a similar questionnaire in RA, the RA Impact of Disease (RAID) score. 22 23 The entire process was very much driven by the patient perspective: the group included 12 patient research partners from 12 European countries, two of whom (MdW, MM) were also part of the steering committee. Many of the patient research partners are coauthors of this paper. The patient research partners all had personal experience of PsA and were fluent in English, but had varying experience in research partnership. 24 25 Their input was key at all stages of the project (for more information, see online supplementary text).
Step 1: identification and selection of candidate domains for the PsAID score Initial choice of domains A literature review summarising published criteria, measures and questionnaires used in trials of PsA was presented to the 12 patient research partners. 17 During a subsequent 2 h 'focus group' type meeting (where group discussions took place and notes were taken), the participants identified important domains of health in PsA in terms of impact on life, based on their personal experience. For each domain, a brief explanation was elaborated by the group.
Prioritisation of the domains
A priority exercise was performed during February to April 2011 to obtain an order of importance of the domains of health identified by the 12 research partners. The objective of this exercise was to improve external validity and to possibly reduce the number of domains. This part of the elaboration was designed as an international cross-sectional study in 140 patients with definite PsA (10 per investigator/centre), but without any other selection criteria. The names of the domains obtained in the previous step were translated by the investigators and patient partners into each language with a brief explanation and presented as a list in random order. Participants were asked to give an order of decreasing importance to the domains of health and to give a priority rating to those domains they found to be of priority ( priority could be attributed to any number of domains by the patients). Additional domains of health could also be commented on. The 12 highest-rated domains were retained (see Results section for more information) for the next step after extensive discussions within the group (ie, with the health professionals and the 12 patient research partners).
Step 2: elaboration and translation of questions to measure the candidate domains
The experts selected or elaborated one question to assess each of these 12 domains of health ( January to June 2011). These experts were 14 physicians (including one dermatologist) and two health professionals from 13 European countries and the 12 patient research partners.
Through a data-driven process, after an extensive literature review of published questionnaires, a numeric rating scale (NRS) was selected and modified for our purposes for each domain. 26 When no question in the literature was found satisfactory, a question was developed de novo by the group, with much thought devoted to the wording in English. A translation/ validation process was performed subsequently under the responsibility of the national principal investigator. This process followed published recommendations and included two separate translations, simple consensus, back-translation and crosscultural validation by a multidisciplinary consensus committee and pretesting on five patients. 27 28 Step 3: weighting and validation study Overall organisation A cross-sectional international observational study with a longitudinal component for reliability and sensitivity to change was performed in 13 countries. Applicable general and local regulations were respected, and the project was endorsed or approved by ethics committees in each participating country. The inclusion criteria and data collected are described below. During a meeting in 2012, the results were discussed, and decisions were taken within the group (11 health professionals and nine patient research partners were present at this meeting). Thus, final decisions regarding the items of the PsAID score were driven by both data and expert opinion, with important input from the patient research partners.
Patients
Consecutive adult patients with definite PsA examined in rheumatology outpatient clinics in the participating secondary or tertiary care centres (Austria, Belgium, Estonia, Germany, France, Hungary, Ireland, Italy, Norway, Romania, Spain, Turkey and the UK) were included in 2011-2012. It was planned to include at least 400 patients (30-40 from each country) based on experience from validation of the RAID score. 22 23 Selection criteria were as follows: definite PsA according to the rheumatologist, 29 ability to fill in a questionnaire, and signed informed consent. We aimed to include patients with a range of disease severities and treatments. Patients with other concomitant inflammatory disease(s) and/or severe comorbidities (eg, recent stroke, severe cardiac failure, severe neurological disease) that could potentially influence results of assessments were excluded.
Relative importance of each domain of health
We developed a patient-derived weighting system to be able to combine the results of each question into a single score. Thus, the weights given to each question reflect its importance and relevance to the patients.
The participating patients were given the list of domains (translated as needed) and asked to assign a relative weight to each; they were asked to 'distribute' 100 points between the different domains. 22 After the initial selection of 12 domains of health, it was decided also to explore the validation study scores with either nine or 12 domains of health. Thus, the patients had to give weights twice-first 100 points distributed across nine domains and then 100 points across 12 domains.
Assessment of psychometric properties
Psychometric properties were examined according to the OMERACT filter.
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Data collection
The patients gave scores on the NRS to the 12 PsAID items and completed the following other relevant health status measures: HAQ, 18 short form (36) generic quality of life scale (SF-36), 31 Dermatology Life Quality Index (DLQI), 32 EuroQol-5D
(EQ-5D), 33 pain visual analogue scale (0-100 mm), and patient global assessment (0-100 mm) assessed by four questions, one for global health and one each for joints, skin and axial symptoms. 34 Demographic data were collected. In parallel, health professionals recorded clinical features of PsA, CASPAR classification criteria, 29 medications, recent erythrocyte sedimentation rate (ESR), and the physical and laboratory examination elements required to calculate the Disease Activity Score: DAS28-ESR. 35 The patients with longitudinal assessments (reliability and sensitivity of change) were asked a global question at the second data collection about whether their condition was stable, improved or worse compared with baseline (minimal clinically important difference question). 36 37 Assessment of validity ('truth') of the PsAID score Face validity was ascertained by feedback from the group and from the five patients testing the questionnaire in each country.
Construct and external validity were assessed by examining cross-sectional correlations of the PsAID score with the other scores.
Assessment of reliability
Patients considered to be in a stable state by the physician and with stable treatment were included in the reliability arm of the study. For this assessment, the patients filled in the questionnaire a second time from home, 2-10 days after the baseline assessment. Only patients reporting themselves to be stable at the second assessment were analysed. 36 The objective was to include 130 patients, 10 per centre, to obtain analysable data from 100 patients (arbitrary sample size, but based on experience from validation of the RAID score).
Assessment of sensitivity to change
Patients who required an essential therapeutic change because of unacceptable clinical disease activity were included. The therapeutic change could be initiation of a synthetic or biological disease-modifying antirheumatic drug (DMARD). Patients were reassessed in the clinic 10-16 weeks after the treatment change. Only patients reporting themselves to be improved on a global change question were analysed. 36 37 It was planned to include 130 patients (10 per centre) in this part of the study, with the estimate of having data to be adequately analysed from 100 patients (arbitrary sample size, but based on experience from validation of the RAID score).
Preliminary cut-off values of the PsAID score
Cut-offs were calculated to define an acceptable symptom state with the PsAID score 38 39 and the minimal clinically important improvement. 36 37 Statistical analyses Weights of domains of health in the combined PsAID scores Mean and median points given to each domain were computed and linearly transformed to a 0-100 range. Ranks of importance of domains (based on these points) were identified in each participating patient -for example, if a domain received 20 points and was the second most important, it was ranked 2, whereas it was ranked 4 if the points were similar but it was the fourth domain. Mean and median ranks were then also computed for the group of patients and linearly transformed to a 0-100 range. In both cases, equal points gave equal weights. These two techniques were discussed with the group, and it was decided to use the ranked analysis as the basis for the final weights, as this analysis better reflects the relative importance of each domain and gives slightly less importance to the most prioritised domain ( pain). The final weights for each domain are expressed as a percentage of the total score -that is, if a domain has a weight of 10%, the result for that domain will contribute 10% of the final PsAID score.
Weights were also analysed, for subgroups of patients according to the CASPAR criteria fulfilment, as sensitivity to gender, to high versus low patient global assessment, to treatment with biological agents or not, and to current psoriasis or not.
Psychometric properties
In the cross-sectional study, the several possible PsAID scores were each assessed for psychometric properties using SAS V.9.2.
Feasibility
Feasibility was assessed in the cross-sectional study using the percentage of missing data for each of the questions, and distributions of scores were examined for identification of floor and ceiling effects.
Truth
Internal consistency was evaluated using Cronbach's α coefficient. 40 Construct validity was determined by Spearman's correlation between the PsAID scores and other measures of disease activity/impact (including patient and physician global assessment, SF-36 summary values (physical component summary and mental component summary), HAQ, DLQI, EQ-5D and DAS28). 18 
31-35
Reliability
This was tested with the intraclass correlation coefficient (ICC) (two-way model, single measure) with a 95% CI. An ICC of more than 0.8 is usually considered to be indicative of excellent reliability. Pearson's correlations were also calculated. Agreement was evaluated by the Bland and Altman approach. 41 
Sensitivity to change
The standardised response mean (SRM) -that is, the mean change from baseline to 2-4 months after the treatment change divided by the SD of the change-was calculated. An SRM >0.8 is considered large. CIs were calculated by bootstrap.
Preliminary cut-off values to interpret the PsAID scores
The cut-off value for patient-acceptable symptom state (PASS) was estimated as the 75% centile of patients considering themselves in an acceptable state at baseline. 38 39 The minimal clinically relevant improvement was estimated using receiver operating characteristic curves, which were plotted using improvement versus no improvement as the outcome, and the minimal clinically relevant improvement was computed as the change score that had maximal sensitivity while maintaining a specificity of 0.80. 42 This measure indicates the degree of change that 80% or more of patients would indicate as important.
RESULTS
Step 1: identification and selection of candidate domains for the PsAID questionnaire Initial choice of domains During the initial phase, the patient research partners identified 16 domains of health as reflecting the impact of PsA (table 1) .
Prioritisation of the domains
The 16 identified domains were ordered by 139 patients with PsA according to their importance and priority for patients (table 1). It was found that nine domains had high importance, the next four domains (embarrassment, social participation, depression, family life) had less importance, and the last three domains (concentration, discrimination, sex life) had low priority. No additional domains were identified at this stage. The entire project group (the health professionals and the 12 patient research partners) decided to move forward with validation of the PsAID score with either the first nine domains or keeping domains up to number 12 (table 1) . Furthermore, domain 11 ('social participation') was rephrased after discussions in the project group to include 'family life' (domain 13).
Step 2: elaboration and translation of questions to measure the candidate domains It was decided to use single questions (assessed by NRS) for each domain, and to assess both an NRS and the HAQ for physical disability. 18 However, in subsequent steps, the HAQ was not found to perform better for psychometric properties than the NRS in the PsAID score. Thus the NRS was retained. The wording and time frame of the single questions were also discussed. Specific wordings were obtained for each question, and a time frame of 1 week was decided on (see online supplementary table S1). The 12 questions were translated into 11 languages (Estonian, Flemish, French, German, Hungarian, Italian, Norwegian, Romanian, Russian, Spanish, Turkish).
Step 3: weighting and validation study
In total, 499 patients participated in this part of the study; 474 had analysable data (table 2). Mean±SD age was 50.4 ±12.6 years, mean disease duration was 9.6±9.4 years; 50.2% were female. The population had, on average, moderate disease activity, and half were treated with biological DMARDs; 75.5% satisfied the CASPAR criteria. 29 
Final decisions taken for the PsAID questionnaire
Comparison of 12 and nine domains in terms of psychometric properties showed no improvement with the three additional domains, and the correlation and agreement between results with nine and 12 domains was high (see online supplementary figure S2) . Thus, the nine-item and 12-item scores will provide similar information on a group level. However, the patient partners stated that the last three domains (10-12) had strong face validity because they represent important domains that should not be excluded, in particular from the consultation room where these three domains provide relevant additional information to the individual health professional. Thus, it was decided to keep two versions of the PsAID questionnaire. The shorter version (PsAID-9) is geared to clinical trials, since a shorter questionnaire is more feasible. The longer version (PsAID-12) is geared to clinical practice, as the responses to each question can Patients gave each domain both an order of importance (from 1 to 16) and a priority rating (yes/no). The 12 domains with highest median rank were retained, and domain 13 was merged with domain 11 for the final PsAID scores. PsA, psoriatic arthritis; PsAID, PsA Impact of Disease.
provide important information to the healthcare provider, which will help in making shared decisions with the patient on a management plan.
Weights of domains of health
The relative importance of the individual domains was decided for both PsAID questionnaires (PsAID-9 and PsAID-12) (table 3) : pain, skin problems and fatigue had the highest relative importance in both weighting exercises. Of note, these weights were very stable in the subgroups of patients (sensitivity analyses, data not shown), although, as expected, weights of questions related to skin were higher in patients with current psoriasis. For PsAID-12 (developed for clinical practice), a simplified weighting system was chosen so that calculation of the final aggregate score does not entail the use of a calculator (tables 3 and 4 and see online supplementary table S1).
Psychometric properties Feasibility
The percentage of missing data was very low (1%), and floor and ceiling effects were also very low (respectively, 1% and 0%).
'Truth'
The scores using nine and 12 domains had very similar internal consistency (Cronbach's α 0.93-0.94) and similar correlations with other scores, and correlations were, as expected, higher with other PROMs, particularly with patient global assessment, than with physician-derived scores (table 5) .
Test-retest reliability
A total of 107 patients had a second assessment for reliability, but only 88 were analysed who all estimated themselves to be in a stable state. 
Sensitivity to change
This was assessed in 105 patients, but only 71 estimated themselves to be improved and were analysed. Half were started on a biological DMARD and half on a conventional synthetic DMARD (mainly methotrexate). The SRMs of the PsAID-9 and PsAID-12 scores were 0.90 (95% CI 0.88 to 0.92) and 0.91 (95% CI 0.89 to 0.93), respectively. For comparison, the SRM of HAQ was 0.60 (95% CI 0.58 to 0.62).
Preliminary cut-off values for interpreting the PsAID scores
The PASS cut-off was assessed in 274 patients and was found to be a PsAID-9 value of ≤4.10 and a PsAID-12 value of ≤3.95. Thus, the proposed PASS cut-off is 4 for both scores. A preliminary value for the minimal clinically important improvement was found to be 3 points (calculations were 3.6 points for change in PsAID-9 and 3.0 points for change in PsAID-12).
The PsAID questionnaires are available online free of charge with their translations in 12 languages (English, Estonian, Flemish, French, German, Hungarian, Italian, Norwegian, Romanian, Russian, Spanish, Turkish) at http://www.eular.org/ index.cfm?framePage=/st_com_clinical_tools.cfm
DISCUSSION
Two patient-derived questionnaires for assessing the impact of PsA from the patients' perspective are proposed. The longer questionnaire, developed for clinical practice, includes 12 domains of health, each assessed by a single question with response on an NRS. The calculation to obtain a single score result is simplified in order to be feasible for use in the clinic. The shorter questionnaire, developed for clinical trials, includes nine domains of health and appears to bring similar levels of information at the group level. The PsAID scores had satisfactory psychometric properties in an international validation study. These questionnaires, elaborated with the participation of patient research partners, should allow a more thorough quantified assessment of the patient perspective in PsA.
The final selection of domains seems to have good face validity, as pain, skin problems and fatigue appear to be the most important to many patients; however, qualitative studies to confirm the priority of these domains are lacking. 19 Of these three domains, only pain is part of the PsA core set 15 and is regularly reported in PsA studies. 17 Skin problems as experienced by patients and fatigue are originally identified aspects of the disease found in the present study and these domains should be further explored. 16 The other domains of health in the PsAID scores reflect physical, psychological and societal aspects, which is in keeping with the International Classification of Functioning, Disability and Health. 43 Feelings of shame due to physical appearance seem to be more important in patients with PsA than in RA, probably because of the skin component of the disease. Of note, five of the 12 domains of the PsAID questionnaire (ie, 42%) were not previously identified as important in PsA. 17 Patient global assessment was not selected by the people with PsA in the present study, which may indicate that 'patient global' is not a notion that 'makes sense' to patients. 22 The international development of the PsAID scores means that the domains of health assessed in the scores are probably relevant across countries and cultures, but this assumption should also be studied further. 44 The weights attributed to each domain were based on the patients' scoring of the importance of the domains. We recognise that other approaches could have been applied to weight the domains, but this approach allowed us to score each domain according to its importance for the group of 474 patients included in the study. Regarding external validity of the weights, it should be noted that, in the validation study, a high percentage of patients were taking biological agents, which reflects the centres involved (secondary or tertiary care rheumatology centres) and the inclusion process-many patients were followed-up in day hospital units. These issues may be a limitation to keep in mind for generalisability. However, the relative importance of the different domains was similar in patients treated with biological agents or not, and in patients with a high or low patient global assessment (results not shown). These observations support the relevance and generalisability of the preliminary PsAID questionnaires. This study has both strengths and weaknesses. Strengths include the central involvement of patients in the elaboration of the PsAID score and the inclusion of patient research partners with PsA from 12 countries with different cultures and socioeconomic backgrounds. Furthermore, the PsAID questionnaires were validated with more than 470 patients from 13 countries. The scores have good face validity and also potentially good generalisability. Finally, the methodology used to obtain patient-derived weights for combination of the results into a single score is novel for PsA and could be applied in other contexts. It has, for example, now also been used in the elaboration of a Pancreatic Cancer Impact of Disease (PACADI) score. 45 One weakness is that patients had a clinical diagnosis of PsA, and it turned out that 24.5% of the patients in the validation study did not formally fulfil the CASPAR classification criteria. 29 However, weighting results were similar in the subpopulation that did fulfil the CASPAR criteria.
The impact of PsA is usually assessed by levels of pain and patient global assessment. 15 17 Concerns have been raised that these instruments may not adequately capture all patientrelevant data, which was the basis for the development of this new questionnaire. Complex generic or arthritis-specific quality of life instruments such as SF-36 31 and the Arthritis Impact Measurement Scale (AIMS2) 46 capture information on many domains of health, including mental health and social functioning. However, these questionnaires are long, and interpretation of the scores is complex, especially since they do not provide a single score reflecting all domains. However, patient-reported data are strongly collinear, and the new PsAID scores correlate strongly with patient global assessment. Therefore the additional information over the existing indices obtained by adding more variables will need to be further explored at a group level. At the patient level, however, the PsAID-12 questionnaire (for clinical practice) should allow a more precise assessment of the impact of PsA, helping healthcare providers and patients to make shared treatment decisions geared to either disease activity or, for example, psychological distress.
In conclusion, this study enabled us to propose two preliminary patient-derived weighted questionnaires for assessing the impact of PsA. PsAID-9 is viewed as an additional instrument for the assessment of PsA in clinical trials, giving supplementary information on patient-relevant domains of health. The PsAID-12 score will hopefully be valuable in clinical practice, both for identification of areas that should be addressed in clinical management and by monitoring the patients longitudinally. However, further validation of the PsAID score is needed, in particular regarding sensitivity to change in comparison with other outcome measures in PsA. 
